Teres major muscle (TM) and latissimus dorsi muscle (LD) are frequently used in muscle transfers around the shoulder girdle. Some authors have suggested harvesting techniques in which the muscle is detached in continuity with a bone segment. Information on the bony attachment footprint of these muscles is lacking. The purpose of this study was to investigate the region of attachment of the TM to facilitate safe and complete harvesting with a bone segment where it is indicated, and to determine the relationship of the TM footprint with that of the LD. Twenty-eight upper extremities of 14 human cadavers (six female, eight male) were investigated during the students' dissection course in the winter term 2012. The attachment footprints were photographed and the images were processed with IMAGEJ Version 1.46r. The TM attachment footprint at the crest of the lesser tubercle had an average dimension of 187 AE 89 mm 2 . It was 49.6 AE 7.9 mm long and 7.4 AE 2.5 mm wide. The bony attachment of the LD within the bicipital groove, just below the tendon of the long head of the biceps muscle, had an area of 94 AE 37 mm 2 . It was 36.5 AE 8 mm long and 3.7 AE 1.2 mm wide. Both muscles were separated by 4.4 AE 1.7 mm and their attachments overlapped in the craniocaudal direction by 24.4 AE 12.4 mm. Earlier studies have investigated the dimensions of the muscles' tendons close to the attachment not the bony attachment itself. The dimension of the attachment of the TM was larger than that of the LD. The ratio between the footprint areas was approximately 2:1. This information should be considered by surgeons undertaking transfers, which include a bony segment of the muscle insertion.
Introduction
Transfer of the teres major muscle (TM) or the latissimus dorsi muscle (LD) tendon, either combined or isolated, has been frequently reported in patients with massive irreparable postero-superior tears of the rotator cuff (Celli et al. 1998; Codsi et al. 2007; Moursy et al. 2009; Zafra et al. 2009; Tauber et al. 2010) . The transfer of the TM was indicated for cases with irreversibly damaged infraspinatus muscle, no major degenerative osteoarticular alteration, residual passive external rotation (at least 40°) and an intact supraspinatus muscle (Celli et al. 1998) . The TM tendon together with the periosteum was detached from its insertion and anchored into the greater tuberosity with transosseous sutures, thus improving the range of motion and decreasing shoulder pain (Celli et al. 1998) . After transfer, TM is activated in correspondence with its new anatomical function, which was supportive for the improved arm function (Steenbrink et al. 2010) . A transfer in patients with irreparable subscapularis tears has also been suggested (Elhassan, 2015) .
Earlier investigations on the TM and LD anatomy have focused on the dimensions of the tendons close to the insertion (Cleeman et al. 2003; Pearle et al. 2006; Buijze et al. 2007; Giessler et al. 2007; Morelli et al. 2008; Alag€ oz et al. 2009 ). This information meets current needs only partially. Some authors have suggested harvesting techniques, in which the muscle is detached with a segment of bone (Moursy et al. 2009; Tauber et al. 2010 ). To our knowledge, information on the footprints' dimensions and area, comparable to existing information about the rotator cuff footprint (Dugas et al. 2002) , is incomplete but necessary for further improvement and development in TM and LD transfers.
Information about the neurovascular supply of the TM has been discussed in detail in a previous publication (Dancker et al. 2015) .
The purpose of this study was to investigate the dimension of the TM and LD bony attachment footprint, its relation to surrounding neurovascular structures and to make this information available for use in clinical practice.
Materials and methods
This study was performed using 28 forequarter specimens of 14 human cadavers (eight male and six female) with an average age of 87 AE 6 years (range 74.25-98.16 years). The bodies were donated to the Division of Clinical and Functional Anatomy of the Medical University of Innsbruck by people who had given their informed consent to use their bodies for scientific purposes prior to death (McHanwell et al. 2008; Riederer et al. 2012) . All cadavers were preserved using a formaldehyde-phenol solution (Platzer et al. 1978) . A recent analysis showed that bodies donated to our institution are a representative sample of the general Austrian population at the age of death (Konschake & Brenner, 2014) .
The investigation took place during the topographical dissection course at the Medical University of Innsbruck in the winter term 2012.
Macroscopic measurements were performed with the arm in neutral (0°abduction) position. All measurements were performed by the first author (MD) using a digital slide caliper (Lidl, Germany). A Sony DSLR-A450 camera with a Sony SAL-1855 objective lens was used for photo-documentation. The data were initially recorded on a measuring sheet during the dissection. After completion of the dissections the data were entered into a Microsoft Office Excel 2007 spreadsheet.
Dissections
The skin, subcutaneous tissue, and pectoralis major and minor muscles were removed by the students during their dissection course.
First the axillary nerve (AN), the radial nerve (RN), and the posterior humeral circumflex artery and vein were identified. The measurements describing the TM relationship with the RN and AN were based on the methods performed by Pearle et al. (2006) . The distances between the medial borderline of the humerus and the RN at the TM tendon's superior and inferior margin were measured. The distances from the AN to the proximal border of the TM at the medial borderline of the humerus were recorded (Fig. 1) .
We dissected the TM's proximal and distal margin to investigate any interconnection to the teres minor muscle or the LD. Connections were differentiated as tendinous or muscular types.
After completion of these measurements the upper extremities were detached. To separate the upper extremity from the thorax the LD was separated from its thoracolumbar origin, the anterior serratus muscle was separated from the ribs and the neurovascular pedicle of the arm was severed immediately below the clavicle and the clavicle was divided.
The distance between the proximal border of the TM tendon and the cartilage rim of the articular surface of the humeral head along the crest of the lesser tubercle was defined as the tendon-cartilage distance (TCD) by Pouliart & Gagey (2005) . We quantified the TCD for the TM (Table 1) . Therefore, we cut the capsule of the glenohumeral joint to determine the exact location of the cartilage rim.
The LD was then incised 5 cm medial to its humeral attachment. The LD and TM were separated, if they were associated by connections. The TM was then also incised.
We marked the peripheral margin of the attachments of both TM and LD on the humerus with a black pencil. The existence of an additional head of the TM was documented. The LD and the TM were dissected sharply from the bone. The dimensions of the insertion footprint remained visible. The length and maximal width of the footprints were measured. We also measured the distance between the two attachments and the size of the overlapping area (Table 1 ).
The attachment footprints of all 28 shoulders were photographed. The images were preprocessed using 'GIMP -GNU Image Manipulation Program', Version 2.6.8, (Natterer et al. 2012) and then entered into 'IMAGEJ', Version 1.46r (Rasband, 1997 Abr amoff et al. 2004; Schneider et al. 2012) to calculate the area of each insertion footprint (Fig. 2) .
Results

Topographical location
After removing the skin, the superficial tissue and the pectoralis major muscle, the tendons of the LD and TM were readily identified.
The brachial plexus and its branches were located in close relationship to the tendons. The RN crossed the TM and LD tendons anteriorly in a slightly oblique course. It was located 14.9 AE 6.2 mm (range 3-28 mm) medial to the humerus with reference to the superior edge of the TM tendon. At the inferior edge, the RN was 12.5 AE 3.4 mm (range 7-21 mm) medial of the humerus. The AN was 7.0 AE 3.1 mm (range 2-12 mm) proximal of the TM's proximal border. Fig. 1 Schematic drawing of the topographical measurements. The distances between the medial borderline of the humerus and the radial nerve (RN) at the teres major muscle (TM) tendon's distal (1) and proximal (2) margin. (3) Distance from the axillary nerve (AN) to the proximal border of the TM at the medial borderline of the humerus. TM, teres major muscle; csa, circumflex scapular artery; phca, posterior humeral circumflex artery; pba, profunda brachii artery; an, axillary nerve; rn, radial nerve; tb lat , lateral head of the triceps brachii muscle; tb long , long head of the triceps brachii muscle.
Attachments
The TM and LD inserted separately in all cases. The tendons of both muscles were in a close relationship. The TM tendon inserted directly on the crest of the lesser tubercle. The LD tendon inserted anteriorly to the TM tendon. The LD tendon attachment footprint was located more lateral (4.4 AE 1.7 mm; range 2-8 mm) in the bicipital groove, under the tendon of the long head of the biceps muscle. The attachments were longitudinally offset too. The proximal edge of the LD was found 12.1 AE 7.3 mm (range 2-26 mm) more proximal than the TM proximal edge. The TM attachment appeared to be partially hidden behind, and overlapped by, the LD due to the longitudinal offset. Overall, 58.2 AE 26.7% (range 0-100%) of the TM proximal attachment was covered by the LD (Fig. 3) . In one left-sided specimen the two attachments were longitudinally fully apart (overlapping = 0%). In two specimens the TM was fully covered (overlapping = 100%) by the LD (Table 1) .
The tendons of TM and LD could be separated easily. In eight (28.5%) of 28 shoulders connections existed between TM and LD. Seven of these (25%) connections were located between the two tendons. In one case (3.5%), the connection was between the LD tendon and the TM transition zone (between the tendinous and muscular fibers of the TM). The connections were mainly located at the distal borderline of the TM. All connections were separated sharply without difficulty.
There were no connections between the teres minor muscle and the TM. After dissecting the muscles off the humerus, the attachment footprints on the humerus were readily identified by the roughening of the bone surface.
The TM attachment dimension (187 AE 89 mm 
Teres major accessorius -new observation
In half of the specimens the attachment footprint of the TM was particularly wide at its proximal part. The footprint did not increase in width continuously: there was an abrupt All data in mm; Ø, mean; SD, standard deviation; TCD, tendon-cartilage distance; TM, teres major muscle; SSM, subscapularis muscle; LD, latissimus dorsi muscle.
increase in width similar to an edge between the main body of the TM attachment and the cranial, larger component. This was clearer when the TM was turned laterally. Medial to the proximal third of the TM tendon lay a strand of muscular fibers of considerable thickness that was attached to the humerus separately by a very short tendon (< 3 mm; Fig. 4 ). This appeared to be a separate attachment of a hitherto undescribed, small, additional 'proximal' head of the TM.
Discussion
To perform safe harvesting and transfer of the TM muscle, an exact knowledge of the dimensions of the zone of bony attachment and possible variations, and neighboring neurovascular structures, is necessary to avoid any damage.
Topographical location
There is a close relationship between the TM, the AN and the RN.
The RN crosses the tendons of TM and LD anteriorly, following a slight lateral inclination. This is shown in the present study and by Pearle et al. (2006) . In the present investigation, the RN was about 1 cm closer to the humerus than Pearle et al. (2006) showed.
To identify the muscle attachments during an anterior surgical approach, we suggest staying close to the medial border of the humerus to avoid harm to the RN, which is found about 1.5 cm medial to the humerus.
The AN was found closer to the superior edge of the TM than was previously described by Pearle et al. (2006) . These differences can be explained by different measuring techniques and by different methods of dissection. The location of the AN should be considered when transferring the muscle to a more proximal location because this could lead to a compression or impingement of the nerve (Elhassan, 2015) .
Attachments
The TM and LD muscles do not insert at the same location. The TM attaches on the crest of the lesser tubercle. This has been consistently described in different anatomical textbooks and was confirmed during the present cadaver investigation ( Table 2 ). The LD attaches more laterally within the bicipital groove. This is only mentioned in the textbooks of Williams et al. (1989) and Martini et al. (2012) . Between the two muscle attachments, there is a gap of some millimeters ( Fig. 2; Table 1 ). Beck & Hoffer (1989) measured this as about 1 cm, and Cleeman et al. (2003) described the gap as 0.7 cm. We found the gap to be smaller.
The knowledge that these two muscles are inserting at different locations on the humerus is important. If one of these muscles is harvested for transfer, the attachment footprint of the other muscle should (and can) stay intact. We have shown these muscles do have separate tendons. Nevertheless, connections between these two tendons may exist. The presence of connection has been outlined by various authors (Celli et al. 1998; Wang et al. 1999 ; Pouliart & Fig. 4 Additional head -teres major accessorius muscle. Two left specimens, presenting the teres major accessorius muscle (TM acc ). The teres major muscle (TM) is still attached to the humeral bone but cut and turned laterally. The additional head is visible on the posterior surface within the proximal third. The separate insertion and the short tendon in comparison to the TM's main tendon can especially be seen in the right picture. Fig. 3 Attachment footprints -average relation. In the center is the original image of the attachment footprints of a left specimen after the teres major muscle (TM) and the latissimus dorsi muscle (LD) were removed. In the left image the attachment footprints were colorized using GIMP. It gives a better impression of the relation and location. The right image shows the gray-scale image that was used for processing in IMAGEJ (Fig. 1) . ss, subscapularis muscle; tb long , long head of the biceps muscle.
Gagey, 2005; Pearle et al. 2006) , and especially by Beck & Hoffer (1989) . A frequency of this variation has not been previously described. It was found in 25% of cases during this investigation. Cleeman et al. (2003) showed that 39% of the TM attachment overlapped with the LD. We noted that half of the proximal TM insertion is usually covered by the LD. Nevertheless, there is a wide range from no overlapping to complete overlapping. Complete overlapping was described as a variation by Cleeman et al. (2003) and was found in two of our cases (7.1%). In contrast, a complete longitudinal offset can also be an exist (3.6%). Pouliart & Gagey (2005) measured the distance between the proximal borders of the two tendons. Our data are similar, but the range of measurement is wider. In our study the TM tendon reached up to 37 mm more distal than the LD attachment. This is almost double the extent being described by Pouliart & Gagey (2005) . Our results concerning the TCD differ by about 1 cm to the average described by Pouliart & Gagey (2005) . Because of a higher number of specimens, the significance of the results of Pouliart & Gagey (2005) may be greater.
For muscle transfers including a bony segment, exact knowledge of the attachment footprint and not only the tendon dimension is helpful. There is no previous information about the area of the TM attachment footprint in literature. Earlier studies (Cleeman et al. 2003; Pearle et al. 2006; Buijze et al. 2007; Giessler et al. 2007; Morelli et al. 2008; Alag€ oz et al. 2009 ) investigated the tendon dimension immediately proximal to the attachment footprint without evaluation of the footprint itself. The present study has shown that the ratio between the area of the TM attachment and the LD attachment is approximately 2:1 (Table 1) . It is bigger than previously expected.
Teres major accessorius -new observation Wang et al. (1999) mentioned that the 'TM tendon was partially covered posteriorly by muscle fibers that attached directly to the periosteum of the humerus'. This result only corresponds partially with the results of this study.
In our cases the additional strand of muscle fibers was of considerable thickness and inserted separately to the bone by a short tendon. Therefore, we decided to describe these additional muscular fibers as an additional head of the TM (Fig. 4) and named it the teres major accessorius muscle.
The knowledge of this additional head is clinically relevant, especially if a posterior approach is performed during reconstructive shoulder surgery: the TM's tendon can appear shorter than it actually is.
Conclusion
The TM attaches on the crest of the lesser tubercle on the humeral bone. Its attachment is medial to and separate from the LD attachment. The LD inserts within the bicipital groove. Between the attachments, there exists a small gap. Half of the TM attachment footprint is usually overlapped by the LD.
The attachment footprint of the TM is considerably bigger than the LD (average relation TM:LD = 2:1).
Dorsally to the proximal third of the TM tendon, a separate strand of muscular fibers exists in 50% of all cases. This additional head inserts on the humerus with a short (< 3 mm) tendon.
The TM is located about 15 mm distal to the subscapularis attachment and about 40 mm distal to the articular cartilage margin of the humeral head.
The RN crosses the TM and LD tendon anteriorly and medial to the humerus. The AN is found about 10 mm proximal to the cranial border of the TM. Martini et al. (2012) Crest of lesser tubercle (p. 320) Bottom bicipital groove (p. 318); crest of lesser tubercle (p. 320) Tillmann & T€ ondury (1987) Crest of lesser tubercle (p. 371) Crest of lesser tubercle (p. 372) Paulsen & Waschke (2010a) Crest of lesser tubercle (medial of LD) (p. 40) Crest of lesser tubercle (p. 40) Paulsen & Waschke (2010b) Crest of lesser tubercle (p. 169) Crest of lesser tubercle (p. 169) Williams et al. (1989) Crest of lesser tubercle (p. 614) Floor of the humeral intertubercular sulcus (p. 610) Lippert (1990) Crest of Connections can exist between the TM and LD tendons near the attachment footprint of the TM. These connections can be separated sharply.
